Aim-To assess whether treatment of premature infants with dopamine is a risk factor for development of retinopathy of prematurity (ROP). Methods-A retrospective case series analysis of two groups was utilised with a minimum follow up of 6 months. Clinical profiles and patient risk factors were identified along with an evaluation of ROP progression and an analysis of clinical outcome. All infants were seen in a single community neonatal intensive care unit (NICU). 41 consecutive high risk infants were identified during a 36 month period whose birth weight was less than 1000 grams and who remained in the NICU without transfer until at least 28 days of age. Dilated indirect ophthalmoscopy fundus examinations were performed on all infants to identify the degree of and progression to threshold ROP. Results-18 of 41 infants were treated with dopamine for hypotension. The group of infants requiring dopamine diVered statistically from the non-dopamine treated group by having a slightly higher birth weight, a greater incidence of hypotension and colloid treatment, and in manifesting more advanced respiratory disease. Within the dopamine treated group, 12 of 18 infants (67%) reached prethreshold ROP and seven infants (39%) reached threshold ROP requiring laser treatment. In contrast, only three of the infants (13%) who did not require dopamine for hypotension progressed to prethreshold (p=0.001) and only one of these infants (4%) progressed to threshold ROP (p = 0.02). Logistic regression analysis among other variables demonstrated that dopamine use and gestational age are important factors in this low birthweight population for predicting the development of threshold ROP (dopamine use: adjusted odds ratio = 119.88, p = 0.0061; gestational age: adjusted odds ratio = 0.061, p = 0.0043). Conclusions-Dopamine use in low birthweight infants may therefore be a risk factor for the development of threshold ROP. More vigilant screening of high risk infants requiring dopamine therapy for systemic hypotension may be warranted. (Br J Ophthalmol 1999;83:425-428) Retinopathy of prematurity (ROP) continues to be a significant cause of morbidity among very low birthweight infants. As survival rates of premature low birthweight babies have increased, so the frequency of ROP has risen.
Retinopathy of prematurity (ROP) continues to be a significant cause of morbidity among very low birthweight infants. As survival rates of premature low birthweight babies have increased, so the frequency of ROP has risen. [1] [2] [3] [4] Initially, oxygen therapy was implicated in the aetiology of ROP 5 ; however, it is now well recognised that ROP represents a multifactorial disease with numerous potential risk factors. 6 Risk factors that have been reported include low birth weight, low gestational age, multiple gestation, prolonged parenteral nutrition, prolonged ventilator exposure, repeated blood transfusions, sepsis, apnoea, hypoxaemia, hypercarbia, and hypocarbia. [6] [7] [8] [9] [10] The role of perinatal systemic complications and therapeutic interventions in the pathogenesis of ROP remains speculative. Systemic hypotension is a common complication of prematurity. Hypotension is often associated with other signs of low cardiac output, such as poor renal perfusion, decreased urine output and metabolic acidosis. It is usually initially treated with colloid, such as albumin, plasma, or other blood products. Dopamine, an and adrenergic agonist, is often administered to aVected infants to counteract hypotension when they are unresponsive to volume expansion. 11 12 We have recognised, with this subpopulation of high risk dopamine treated infants, an increased risk for the development of threshold ROP.
Methods
We performed a retrospective chart review of infants born in the neonatal intensive care unit (NICU) of the Doctors Medical Center (DMC) during a 36 month period beginning January 1991. Infants selected for study included those with a birth weight of 1000 grams or less (very low birthweight infants) and who remained in the NICU without transfer until at least 28 days of age. Two groups of infants were studied: a treatment group receiving dopamine and a control group not requiring dopamine. The two groups were compared with respect to birth weight, severity of ROP, dopamine treatment, gestational age, hypotension, colloid treatment for hypotension, intraventricular haemorrhage, sepsis, patent ductus arteriosus, indomethacin treatment, hyaline membrane disease, oxygen requirement, duration of ventilation, Apgar scores at 1 and 5 minutes, bronchopulmonary dysplasia, and dexamethasone treatment. The gestational age was determined from the last menstrual period until birth and revised when appropriate after postnatal examination. Hypotension was defined as a mean arterial pressure less than 30 mm Hg. Patients with hypotension were treated with dopamine only after treatment with colloid failed to elevate the mean arterial pressure above 30 mm Hg. Dopamine infusion was initiated at 5 µg/kg/min with subsequent rates not exceeding 20 µg/kg/min. In all cases, dopamine treatment was successful in elevating mean arterial blood pressure above 30 mm Hg. Clinical diagnosis of intraventricular haemorrhage was established by cranial ultrasonography. Sepsis was diagnosed by positive blood cultures at birth. Patent ductus arteriosus was confirmed by echocardiogram. Hyaline membrane disease was defined by an oxygen requirement greater than 30% at 48 hours and corroborated by chest x ray. Oxygen requirements were defined by the fraction of inspired oxygen at 48 hours. Duration of ventilation indicates the number of days of mechanical ventilation until the first trial of extubation. Bronchopulmonary dysplasia was defined by chest x ray criteria and oxygen requirement at 28 days. Dexamethasone treatment ranged from 1 to 6 weeks in duration.
Initial retinal examinations were performed between 4 and 8 weeks of age (mean 6 weeks). Each eye was graded using the standard international classification of ROP. 13 Threshold ROP disease was also as defined in the Multicenter Trials of Cryotherapy for Retinopathy of Prematurity (CRYO-ROP). [14] [15] [16] Infants with acute ROP were examined at 1-2 week intervals based upon the severity and progression of disease.
2 with Yates's correction was used for categorical data. For contiguous data three comparisons of analysis were performed and compared: a two tailed Student's t test which assumed equal variances in the groups, a Welch-Aspin t test that does not assume equal variances, and a non-parametric MannWhitney comparison. The choice of test reported in the tables is based on a test of equality of variances as well as whether the data for a given variable seemed to contain outliers. Logistic regression and stepwise logistic regression models were used to look at the joint impact of dopamine use, gestational age, birth weight, intraventricular haemorrhage, and oxygen requirement on the development of threshold ROP. These analyses were run using SAS PROC LOGISTIC (SAS Institute, Cary, NC, USA).
Results
Of 776 infants admitted to the DMC NICU from January 1991 to January 1993, 101 infants had a birth weight less than 1000 grams. Of these 101 infants, 25 died and another 23 neonates were transferred out of the NICU with 12 being transferred in before inclusion into this study, resulting in a total of 41 infants eligible for the study. The clinical data for those infants receiving dopamine (18 infants) and those not receiving dopamine (23 infants) are outlined in Table 1 . Although there was a slight diVerence in age between the groups, infants in the non-dopamine treated group tended to be smaller than those later receiving dopamine treatment. This is probably due to the inclusion of infants with intrauterine growth retardation in the non-dopamine treated group. The data do, however, suggest that there are important diVerences between those infants ultimately requiring dopamine and those not. Important diVerences include hypotension, hyaline membrane disease, oxygen requirement at day 2, and the days to first trial of extubation. This suggests that there was greater respiratory distress in those infants ultimately receiving dopamine. As predicted, those requiring dopamine were also more unresponsive to colloid treatment and had greater hypotension.
Data from the group requiring dopamine and the group not requiring dopamine were compared with respect to degree and severity of ROP (Table 2) . Of the 18 infants within the dopamine treated group, 12 infants (67%) reached prethreshold ROP and nine infants (50%) developed plus disease. In total, seven infants (39%) progressed to threshold ROP requiring treatment. By contrast, in the nondopamine treated group, only three infants (13%) reached prethreshold ROP (p= 0.001), two infants (9%) developed plus disease (p = 0.009), and only one infant progressed to threshold ROP (p = 0.02). Table 3 demonstrates that infants who reached threshold ROP were significantly diVerent from those which did not reach threshold ROP in that they had younger gestational age and had longer oxygen requirements, indicating more pulmonary disease.
A series of logistic regression models was used to look at the impact of dopamine use, gestational age, birth weight, intraventricular haemorrhage, and oxygen requirement on the development of threshold ROP. When all of these factors were included in the model, dopamine use (adjusted odds ratio = 119.88, p = 0.0014) and gestational age (odds = 0.061, p = 0.0043) were statistically significant, while the other three factors failed to be significant at the 0.05 level. The odds ratios indicate that dopamine use was positively associated with the development of threshold ROP. When a stepwise logistic regression was used, dopamine use (adjusted odds ratio = 30.70, p = 0.032) and gestational age (odds = 0.089, p = 0.0013) were still significant, while the other variables were not entered into the model. The eight infants who developed threshold ROP all underwent indirect laser photocoagulation as previously described. 17 18 All eyes of the treated infants remained anatomically attached at 6 months and had favourable outcomes.
Conclusion
ROP continues to be a significant cause of morbidity among very low birthweight infants. EVective treatment of ROP depends on the early and accurate recognition of those infants at highest risk for the development of ROP.
Low birthweight infants must contend with significant challenges for survival in the early perinatal period. A frequent challenge is the maintenance of cardiac output and systemic blood pressure. Despite intensive study of neonatal hypotension and its pharmacological management, an association with ROP has not been previously identified. Batton and coworkers found no diVerence between infants treated with cryotherapy and non-treated infants with regard to the presence of hypotension. 19 Their definition of hypotension was any systemic blood pressure which required either volume replacement or inotropic medications; however, the use of dopamine was not specifically mentioned in their study. Moreover, Biglan et al reported similar blood pressure measurements in both their ROP and control patients. 20 Additionally, the CRYO-ROP study did not identify hypotension as a prognostic factor in the natural course of ROP. 3 8 We did, however, find a strong association between the development of threshold ROP characteristics and the use of dopamine therapy for hypotension in high risk infants with a birth weight of 1000 grams or less (p = 0.02, Table 2 ). Interestingly, one previous study looked for an association between the use of dopamine therapy and the development of ROP. 21 This study defined acute ROP as stage 1 disease or greater and did not find any association with dopamine use and the propensity to develop ROP. Because they did not try to relate their findings to threshold ROP, it is diYcult to compare their findings with ours. In our study, 29 of the 41 infants were hypotensive. Hypotension was successfully treated in all 29 patients, with 10 of 41 infants responding to colloid treatment alone, and 18 of 41 infants responding to colloid plus dopamine treatment. Eight of the 29 infants went on to develop threshold ROP. None of the 12 non-hypotensive infants developed threshold ROP. Therefore, a direct measurement of the contribution of hypotension alone to the risk of developing threshold ROP cannot be estimated from our data.
In comparing our dopamine treated and non-treated groups, the two populations were statistically identical regarding other known risk factors for ROP such as gestational age, 3 intraventricular haemorrhage, 10 bronchopulmonary dysplasia, 10 and dexamethasone treatment 19 ( Table 1 ). The degree of retinal maturation (Table 2 ) was also not significantly diVerent in the dopamine treated infants when compared with the non-treated infants. Therefore, the degree of retinal maturation alone does not appear to have unfavourably predisposed the dopamine treated group to the development of threshold ROP.
To answer the question of what factors ultimately contributed to the greater likelihood of developing threshold ROP, we compared the clinical characteristics of those infants who developed threshold ROP with those infants who did not reach threshold ROP (Table 3 ). The data show that the two groups were diVerent only with respect to the days to first trial of extubation and gestational age. This would suggest that there was greater respiratory distress among those who ultimately developed threshold ROP. Hypoxia has been associated with the development of ROP and those that developed ROP tend to be a more ill population of infants. Within the threshold ROP group, however, it is equally significant that 39% of the dopamine treated infants developed threshold ROP while only 4% of the non-dopamine treated group went on to develop advanced stages of ROP (p = 0.013, Table 2 ). A logistic regression analysis was performed to assess the impact of these and other variables and demonstrated that in this population of low birthweight infants, only dopamine use and gestational age are important factors for predicting the development of threshold ROP. When other potential predictors were assessed for threshold ROP, none was seen as significant. Lastly, even when we adjusted for the possible impact of those other variables, dopamine and gestational age are still seen as significant factors, with the estimates of the adjusted odds ratios coming out about the same in each of the models used.
Why dopamine use should predispose low birthweight infants to the development of threshold ROP remains unknown and speculative. Dopamine is a potent inotropic agent with significant and adrenergic activity. Within the retina, adrenergic receptors have been identified in retinal vasculature. [22] [23] [24] Dopamine stimulation of these adrenergic receptors could be postulated to result in retinal vasoconstriction. In infants receiving supplemental oxygen, dopamine use in the setting of neonatal hypotension may act synergistically with oxygen to further constrict retinal vasculature, resulting in an exacerbation of retinal ischaemia and the initiation of the development of ROP. Moreover, within the central nervous system, dopamine has been implicated in controlling the blood-brain barrier permeability. 25 Likewise, dopamine may also have a role in modulating the blood-retina barrier and the release of vasoproliferative factors in ROP. Dopamine has also been shown to play a primary role in retinal neuromodulation. 26 Dopamine metabolism within the retina has been correlated with eye growth and maturation. [27] [28] [29] Administration of dopamine to premature infants may interfere with this normal maturation process and, therefore, may increase the risk of developing threshold ROP.
Our findings must be tempered somewhat by the realisation that dopamine use, itself may not be the sole factor responsible for the development of threshold disease, but rather may select for a sicker subpopulation of low birthweight infants at risk for the development of threshold ROP. Regardless of the underlying mechanism whereby dopamine may predispose low birthweight infants to the development of threshold ROP, dopamine use appears to have significant predictive value. Therefore, increased vigilance of screening in low birthweight dopamine treated infants appears warranted.
